The present study deals with the e#ects of +* fruits, ,1 spices and +. herbs on a-glucosidase activities for the purpose of developing therapeutic diets for diabetes. The glycemic indices (GI) of fruits and spices were also examined. All fruits were found to inhibit a-glucosidase. Apple and pineapple reduced GI to less than +** on average, though no statistical siginificances were found. Fourteen raw and +. cooked spices inhibited a-glucosidase. Cooked spices generally exceeded raw spices in inhibitory e#ects, and . herbs were found to inhibit a-glucosidase. No significant correlation was found between GIs and aglucosidase-inihibiting ability of fruits. Of the cooked spices, mustard paste and nutmeg reduced GI among the subjects on average though no statistical siginificances were found. Unlike fruits, no significant correlations between GI and inhibiting ability in spices were observed.
Introduction
Postprandial blood-glucose levels are known to be a#ected by insulin secretion, gastric inhibitory polypeptide secretion and digestion-absorption rates of carbohydrates. Digestion-absorption rates of carbohydrate are directly influenced by dietary factors (Jenkins, +32, ) .
Insulin-independent diabetics are generally required to control their daily diets, particularly with regard to energy uptake, in order to control hyperglycemia (Alain et al., +33+) . At the same time, reducing digestion -absorption rates of carbohydrates is achieved by introducing diets that regulate digestion, which includes consuming non-refined cereals, supplementing soluble dietary fiber and orally administering a-glucosidase inhibitors (Crapo et al., +312 ; Wolever, +33* ; Jean C. et al.,  ,**,). However, it has been noted that there are a number of problems regarding the acceptance of longterm consumption of non-refined cereals or supplementation of dietary fiber (Wolever, +33*) .
Alternatively, it has been demonstrated that a-glucosidase inhibitors, such as acarbose, e#ectively reduce postprandial blood glucose levels, thus slowing the development of diabetes. Therefore, a-glucosidase inhibitors have frequently been administered to diabetics in many countries. However, acarbose is known to bring about uncomfortable side e#ects, such as flatulence and diarrhea. In addition, critical liver disorders have been reported to occur with long-term continuous administration (Jean et al., ,**,).
Subsequent to these reports, more e#ective and safer methods have been sought to reduce digestion-absorption rates of carbohydrates (Asakusa et al., +330 ; Miura and Gomyo, +330) . The application of foodstu#s that are capable of inhibiting carbohydrate digestive enzymes has attracted much attention among researchers. In recent years, it has been reported that some plant components are able to inhibit a-glucosidase. These include : anthocyanin from purple sweet potato and red morning glory ; polyphenol from salacia reticulate ; and casuarictin and eugeniin from clove (Matsui et al., ,**+ ; Yoshikawa et al., ,**+ ; Toda et al., ,***). The present study confirmed the inhibitory action of various fruits, spices and herbs that were previously reported to substantially reduce the activity of a-glucosidase in vitro.
Fruit is comparatively easy to incorporate into a daily menu, and both spices and herbs are cooking materials that are known to have characteristic components with physiological or pharmacological functions. Furthermore, the e#ects of these foodstu#s on glycemic index (GI) were examined from a clinical point of view.
In +32+, Jenkins et al. proposed GI as a physiologic basis for classifying carbohydrate-containing foods. In this system, individual foods are assigned values according to how fast they are digested and absorbed during the postprandial period. (Jenkins et al., +32+) .
Materials and Methods
Samples of +* fruits and ,1 spices were purchased from a market located in Sakado city, Saitama prefecture in ,**,. The herbs were kindly provided by SB Co. Ltd. (Tokyo).
Samples were then added to an aliquot of bu#er solution for enzymatic reactions. Fruit suspensions were homogenized for -min, followed by incubation at -1ῌ for , h in a polyethylene container to extract water-soluble components.
After centrifugation at 2*** g for +* min, the supernatant was filtered using filter paper (ADVANTEC, No. ,A) and was adjusted to pH 0.2 with bu#er solution of *.+ M malate. The solution obtained was divided into five samples that were diluted to di#erent concentrations and were subjected to measurement. Half of the supernatant was adjusted to pH 0.2 with bu#er solution, and was employed as the raw material sample. The remaining half was boiled for +* min. The supernatant was adjusted to pH 0.2 with bu#er solution, and used as the cooked sample. The solutions obtained were diluted in the same manner as for the fruits.
Assay for a-Glucosidase Activity The enzyme solution was prepared from fresh porcine small intestine purchased from a commercial butchery. The viscous membrane tissue was scraped along with the small intestinal inner wall, followed by maceration in *.+ M malate bu#er of pH 0.2. The suspension was centrifuged at +**** rpm for +* min at .ΐ, and the supernatant obtained was frozen at ῍.*ΐ. The potency of the enzyme was adjusted by dilution with the reaction bu#er.
Sample solution (*.+ ml) was mixed with *., ml of a -glucosidase solution (*.*/ units). After preincubation at -1ΐ for -min, *., ml of the artificial substrate p-nitrophenyl-a-D-glucoside (,mM, PNPG) was added, followed by incubation at -1ΐ for -* min. The reaction was terminated by the addition of *., ml of acetic acid (/*ῌ) and *., ml of o-NP (, mM) as an internal standard. The reaction product p-nitrophenol (p-NP) with a peak absorption at -,* nm was quantified by HPLC, where m Bondapak C+2 (-* cm῏-.3 mm ID. ; +* mm particle) as a column was used with a developing solvent consisting of acetonitrile ,,ῌ (v/v), glacial acetic acid +ῌ (v/v) and trimethylamine 0* mM at ./ΐ. All assays were conducted in triplicate.
Evaluation Methods The e#ects of a sample substance on a-glucosidase were evaluated based on the liberation rate of p-NP from PNPG. First, in order to create Dixon's plots, the reciprocals of initial production rate of p-NP were plotted against the concentration (w/vῌ) of samples involved in the reaction system, which provided a nearly linear relationship. Next, a linear equation of regression was deduced from the Dixon's plots : +/Vῐa C ῌ +/V*.
Where : Vῐthe reciprocal of reaction rate determined based on the amount of p-NP produced in the first -* min ; V*ῐV in the absence of sample ; Cῐthe concentration of sample indicated as a percentage ; aῐslope of the linear equation and was designated as the influence coe$cient in the present study.
The concentration (w/vῌ) required to reduce the reaction rate by /*ῌ was defined as follows : VῐV*/,, Cῐ+/ (aV*). The value of C obtained in this manner was designated as C/*. The concentration to increase the rate to ,**ῌ was defined as follows : Vῐ,V*, Cῐ-+/(,aV*). The value of C obtained in this case was designated as C,**.
The value of a varies among aῒ* for inhibition, aῐ* for neutral and aῑ* for activation. Furthermore, the same evaluation was applied to acarbose (Glucobay +**, Acarbose +** mg/tablet, Bayer Co. Ltd.) as a standard indicator for rating the potency of food samples with regard to inhibition of a-glucosidase. The acarbose equivalent (mg/g) was calculated as follows ; +***῏C/* for acarbose/C/* for sample.
Measurement of Glycemic Index GI was assayed in accordance with the protocol recommended by Sugiyama et al (Sugiyama et al. , ,*** ; Wakaki, +333 ; Matsuo and Suzuki, +333).
Subjects Subjects (nῐ+*) were healthy young female students from our university (aged ,-῎-years). The protocol was approved by the Committee of Medical Ethics of Kagawa Nutrition University and all subjects gave informed consent, which conformed to the Helsinki Declaration.
Test foods Test foods were chosen from among +* fruits (apple 2* g ; melon 3/ g ; plum 3+ g ; peach +** g ; grape 02 g ; dried apricot +. g ; mango 0-g ; grapefruit +*/ g ; pineapple 12 g ; and persimmon 01 g). The amount of each test food was adjusted to be equivalent to .* kcal.
Additionally, / spices (*./ g) were used : wasabi powder ; paprika powder ; allspice ; nutmeg ; mustard grain ; and Japanese mustard paste. All of these were confirmed to substantially inhibit a-glucosidase in previous studies. All spices were cooked in pilaf-style rice (riceῌbutter +* g).
Reference food The reference food was aseptic packed Sato Rice, which was labeled to contain -. g of carbohydrate per +** g of rice. Each portion of cooked rice weighed +.1 g so as to contain /* g of carbohydrate.
Equipment for blood sugar measurement Capillary blood glucose levels were determined by self-measurement using a blood-glucose measurement device (Glutestase, Sanwa Chemical Research Institute, Inc.).
Protocol
Step + : GI for reference food Each subject consumed the reference food two or three times on separate days. Subjects started fasting from ,+ : ** on the previous evening before examination. Subjects monitored their postprandial blood sugar levels seven times at +/, -*, ./, 0*, 3* and +,* min after load.
Step , : GI for reference food together with test one Fruit was taken immediately before consuming cooked white rice. Spice was mixed with rice containing +* g of butter. Blood sugar measurements were performed in the same manner as those for the reference food.
Step -: Evaluation of GI The GI for a given food is defined as the incremental area under the blood glucose response curve (IAUC) of a /* g carbohydrate (CHO) portion of a test food, expressed as a percentage of the IAUC following the intake of /* g CHO from the reference food (rice) by the same individual. The IAUC of each test food and mean IAUC for the initial two reference foods were calculated for each person. When fluctuations in the IAUC between the initial two reference foods were more than ,/ῌ, the subject took the reference food once more and the two closest means for the IAUC were used as the reference. However, if the fluctuation between the two closest IAUC values exceeded ,/ῌ, the subject was excluded from analysis. For spices, the GI for test food was represented in terms of relative value to that for butter and rice.
The t-test for the significance of di#erences between the average blood sugar levels of test foods and reference foods was performed by repetitive measurement-distribution analysis using the Excel Statistics ,*** computer program.
Results and Discussion
E#ects of various foods on a-glucosidase activity Fruit All fruits were found to substantially inhibit a-glucosidase as shown in Table + . However, it is possible that sucrose originating from the fruits exert an apparent inhibiting e#ect on the enzyme through substrate competition. In particular, the strongest inhibition e#ect among fruits was observed following intake of dried apricot. This could be due to the high level of sucrose in dried apricots. On the other hand, the Km value of PNPG to a glucosidase was much smaller than that of sucrose, about / mM and ,* mM, respectively. Therefore, the enzyme-substrate a$nity in PNPG is considered to exceed that in sucrose.
Acarbose equivalents of the fruits ranged between +* and ,* mg/g, which suggested that the tested fruits might be e#ective in delaying starch digestion at ordinarily consumed levels, granting that sucrose from the fruits a#ected the inhibiting e#ect through substrate competition.
Spices Inhibition or activation potencies of raw or cooked spices against a-glucosidase are shown in Table , . All +. raw and cooked spices inhibited aglucosidase. Of the raw spices, mustard powder was the strongest inhibitor in terms of acarbose equivalents (,+ mg/g). Of the cooked spices, thyme, wasabi and parsley powder were the strongest inhibitors in terms of acarbose equiv- Table , . E#ects of spices on the activity of a-glucosidase in vitro. Table + . E#ect of fruits on the activity of a-glucosidase in vitro.
E#ects of Fruit, Spices and Herbs on a Glucosidase Activity and Glycemic Index alents (/1 mg / g, .-mg / g and ,+ mg / g, respectively). Cooked spices generally exceeded raw spices in term of inhibitory e#ects on a-glucosidase. The cooking process was not found to a#ect the inhibitory action of red pepper, mustard grain, paprika, Japanese pepper, clove, allspice, wasabi powder, mustard paste or nutmeg. In addition, all raw spices that activated the enzyme lost their stimulatory activity when they were cooked. The e#ects of spices, therefore, were found to be dependent on cooking or heating conditions, which suggests that the application of spices depends on cooking methods. Considering their ordinary servings and based on the present in vitro results, these spices can be expected to inhibit a-glucosidase activity when consumed in daily meals.
Herbs Of the +. herbs, . were found to inhibit aglucosidase as shown in Table - . Acarbose equivalents of these herbs were found to be ,ῌ-mg/g. Therefore, at ordinary levels of usage, some herbs were expected to exert strong inhibitory e#ects when compared to acarbose.
Estimation of glycemic index Fruits The GIs of fruits are shown in Table . . Of +* fruits with inhibiting ability against a-glucosidase in vitro, apples and pineapples reduced GI to less than +** on average though no statistical significances were found. A great di#erence in the e#ects on GI was observed between subjects, suggesting that though fruits stimulated the digestion and absorption of carbohydrates, the e#ects depended on the individual. No significant correlation was found between GIs and the a-glucosidase -inhibiting ability of fruits, suggesting that complicated, likely individual factors, might be involved in the e#ects of fruits on GIs. The estimated GIs could be a#ected to some extent by the additional sugar found in the fruits examined. Further research on the precise e#ects of fruit sugar on GIs is necessary.
Spices The GIs of spices are shown in Table / . Of the cooked spices with inhibitory activity against aglucosidase in vitro, mustard paste and nutmeg reduced GI among the subjects on average though no statistical significances were found. These spices were expected to be applied to diet therapy for diabetics at ordinary serving levels. However, the e#ects of spices on GIs varied among the subjects. Similar to the findings of fruits, no significant correlation was found between the GIs and a-glucosidase-inhibiting ability of spices. The e#ects of spices on GIs, however, appeared to be dependent to a large extent on the individual di#erences among the subjects.
The GI has been widely reported to be a#ected by interstitial movement, the chemical structure of carbohydrates, cooking methods, presence of dietary fiber and Table / . Correlation between GI and a-glucosidase-inhibiting ability (C/*) of cooked spices. Table - . E#ects of herbs on a-glucosidase in vitro. Table . . Correlation between GI and a-glucosidase-inhibiting ability (C/*) of fruits.
simultaneous digestion of other nutrients such as protein and fat. (Matsui et al. , ,**+ ; Jenkins et al., +32, ; Wolever et al., +32/ ; Raben et al., +331 ; Vaaler et al., +32.). Recently, much attention has been paid to the role of starch, which contains slowly absorbed glucose (SAG), in clinical diet for diabetics (Englyst et al., +32.) . The present study also suggested that many factors other than inhibitors against a-glucosidase might be involved in the e#ects of foods on GIs.
